which includes the databases of Science Citation Index Expanded and Social Sciences Citation Index. The searching strategies were key-in of "peritoneal dialysis" in general search and of "SO=Peritoneal Dialysis International" in advanced search. Only articles and reviews were included in the analysis. The analysis was stratified by publication year, journal, author, country of each author's affiliation, and citation count of each paper. ♦♦ ♦♦ ♦ Results: There were 7618 PD papers (6991 articles and 627 reviews) in 887 journals; 15.8% of them (n = 1204) were published in PDI. The annual outputs of global PD publications has been more than 500 papers since 1996, with a peak of 665 articles in 2003. In total, 18531 authors from 102 countries and areas contributed to PD publications. Authors from the USA were present in 30.6% of all papers although their global share decreased with time. A PD paper received an average of 12.7 citations. A review received more citations than an article (17.0 vs 12.3 on average), yet statistical significance was not reached (p = 0.216, Mann-Whitney U test). ♦♦ ♦♦ ♦ Conclusions: The number of PD research societies in the world has been growing during the past 15 years. More and more research is from countries other than the USA and the United Kingdom. Papers on PD have thus been published in many journals other than PDI, the leading journal in PD. However, the growth rate of PD publications in the world is diminishing. We present here the most likely reasons for the decrease in PD publications and propose suggestions for PDI to keep its leading role in the development of PD. 2007; 27:173-178 www.PDIConnect.com KEY WORDS: Bibliometrics; publishing.
Perit Dial Int
P eritoneal dialysis (PD) is a major subfield of nephrology. It has evolved rapidly along with technological progress in recent decades. Although there have been several reports on the quantitative aspect of nephrology publications (1) (2) (3) , an analysis specific to PD publications would provide valuable information for related researchers. Here we performed a bibliometric analysis on PD publications using the Institute for Scientific Information (ISI) databases of the Thomson Corporation, one of the most authoritative bibliographic databases in science. We also paid extra attention to records of the journal Peritoneal Dialysis International (PDI ), the official publication of the International Society for Peritoneal Dialysis (ISPD) and the most important forum for PD researchers in the world.
MATERIALS AND METHODS
We downloaded records from the Web of Science over the Internet: http://portal.isiknowledge.com/ portal.cgi?DestApp=WOS&Func=Frame (accessed 5 April 2006) . This site includes databases of the Science Citation Index Expanded and the Social Sciences Citation Index. The searching strategies were key-in of "peritoneal dialysis" in the general search and "SO=Peritoneal Dialysis International" in the advanced search.
After downloading, we extracted papers published between 1991 and 2005. The analysis was then limited to those in the type of either "article" or "review," that is, excluding letter, editorial material, note, meeting abstract, etc. A Short Report, if not printed in the section of Letters to the Editor, is categorized as an "Article." Commentaries usually categorized as Editorial Materials are thus excluded. Papers in all languages were included. To study the bibliometrics of PDI in the most recent 10 years, we also looked up related data in annual articles in 2003 ( Figure 1 ). However, the annual growth rate was close to zero after the year of 2000. The PD publications in PDI reached a peak of 182 papers in 1999 though, and then decreased. Correspondingly, the global share of PD articles in PDI attained the highest point of 24.3% in 1999 and then decreased to 11.9% in 2004 and 15.5% in 2005. Authors from 102 countries and areas contributed to PD publications. Contributors from the USA authored 30.6% of all papers, but their global share decreased over time (Table 1) . A decreasing tendency of contribution was also noted for the United Kingdom and Germany.
A PD paper received an average of 12.7 citations (median 5, interquartile range 13). Only 100 papers (1.3%) received 100 or more citations; 19 of them were reviews in document type. Table 2 shows the 10 most frequently cited PD papers. In short, 285 papers (3.7%) received 50 -99 citations, 2219 papers (29.1%) had 10 -49 citations, and 1347 papers (17.7%) had no citations at all. That is, 17.6% (n = 1230) of articles and 18.7% (n = 117) of reviews did not receive any citation. A tendency was present for a review to receive more citations than an article (mean 17.0, standard deviation 35.1, mode 5, interquartile range 16 vs mean 12.3, standard deviation 24.2, mode 5, interquartile range 13), but statistical significance was not reached (p = 0.216 by Mann-Whitney U test).
When ranked by total citations of their PD papers, only 7 journals received more than 2000 citations: Kidney International ( The analysis of PD publications was stratified by publication year, journal, author, country of the author's affiliation, and citation count of each paper. We identified authors' affiliations and countries from addresses in their affiliations and correspondences. To maintain consistency within the study period, records of Hong Kong were separated from those of the People's Republic of China. Data from England, Scotland, Wales, and Northern Ireland were integrated under United Kingdom.
For PDI specifically, we studied fluctuations of its annual impact factor along with its determinants, which were paper count, total citation count, recent citation count, percentage of recent citations (citations to papers published in the preceding 2 years) in total citations, and cited half-life.
Extraction and computation of data were processed with programs written in Perl language (version 5.8.8 , freely available at http://www.perl.com/). The descriptive statistics, for example, the frequency in count and percentage, are presented. We further compared the citation numbers received by articles and by reviews. Because numbers of citations varied widely among papers, we chose the Mann-Whitney U test for this analysis. We also probed the correlation between each of PDI's yearly impact factors, paper counts, total citation counts, recent citation counts, share of recent citations, and cited half-lives. The correlation coefficient Spearman's rho was calculated. A p value less than 0.05 was regarded as statistically significant (two tailed). The statistical analyses were performed with SPSS release 13.0 (2004; SPSS Inc., Chicago, Illinois, USA) for Windows operating system (Microsoft Corp., Redmond, Washington, USA).
RESULTS
We retrieved 13276 PD literature records dating back to 1965 from ISI's Web of Science. There were 7618 papers (6991 articles and 627 reviews) published by 887 journals between 1991 and 2005. Only 12 journals published more than 100 PD papers in the past 15 years. With 1204 (15.8%) papers, PDI outnumbered the following: American Journal of Kidney Diseases (627 papers; 8.2%), Nephrology Dialysis Transplantation (595 papers; 7.8%), and Kidney International (579 papers; 7.6%). The top 12 journals accounted for 57.7% of all publications on PD.
The annual output of global PD publications has been more than 500 papers since 1996, reaching a peak of 665 Disregarding the possibility of authors having the same name, a PD paper had an average of 4.7 authors (maximum 61, median 4, and interquartile range 3); 18 531 authors contributed to PD publications. Most authors (n = 13305) were present only in 1 paper, and 398 authors were present in 10 or more papers. The 10 most prolific authors are listed in Table 3 and the 10 top authors with most citations are listed in Table 4 .
We obtained 2637 records of PDI, dating back to 1988, from the ISI's Web of Science. Among those records, 1421 papers (1390 articles and 31 reviews) were published between 1991 and 2005 and 15.3% (n = 217) of them could not be retrieved with the key word "peritoneal dialysis" in the ISI databases. Table 5 shows some important bibliometric data for PDI from the past 10 years. The full bloom of PDI in terms of annual impact factor was around 1998. The impact factor of PDI was associated only with the percentage of recent 2-year citations in the annual total citations (correlation coefficient Spearman rho = 0.66, p = 0.039). However, the impact factor is derived from the number of 2-year citations, thus a statistical significance about the correlation between these two variables might not be stated. We also found the total citation count correlated with yearly publication count (correlation coefficient Spearman rho = 0.63, p = 0.039).
DISCUSSION
Peritoneal dialysis is only a small subfield of nephrology and urology in scientific research. There were 627 PD papers listed in 2005 in the ISI databases, while the subject category of "urology & nephrology" contained 8377 papers in 51 journals. That is, only 7.5% of papers were PD papers (http://portal.isiknowledge.com/ portal.cgi?DestApp=JCR&Func=Frame; accessed 10 October 2006). Although the annual number of PD papers grew during the study period, from 353 papers in 1991 to 627 in 2005, a similar trend could also be observed in global hemodialysis publications but with higher growth: from 1019 papers in 1991 to 2135 in 2005 (according to our separate calculations).
Papers on PD were scattered in varied biomedical journals because PD research societies have burgeoned in the past 15 years. More and more PD research and papers were from countries other than the most medically advanced countries, such as the USA and the UK. Proof could be found in decreasing PD paper contributions from the USA (from 34.6% to 27.1%), the UK (from 13.2% to 9.5%), and Germany (from 7.2% to 5.8%) between the years 1991 and 2005, as shown in Table 1 .
Peritoneal dialysis publication numbers after 2000 were in a plateau, as shown in Figure 1 . Not only PDI, but nephrologists had lost their interest in PD research; professionals had not yet found new dimensions for PD studies; less molecular biology-related research, the mainstream in current scientific study, had been devel- oped; experimental studies dealing with the peritoneal membrane, transport, or defense issues did not mention PD in their titles or abstracts; and PD papers were published in journals not indexed in the ISI databases, which could be verified by tracing the fate of manuscripts rejected by PDI (4). Peritoneal Dialysis International has played a pivotal role in the development of PD since the initiation of its society (the ISPD). The annual PD paper count in PDI correlates with global PD publications. The reduction in PD articles in PDI in recent years has not been countervailed by an increase in PD articles in other journals since the annual PD paper count in non-PDI journals also shows similar fluctuation. For example, the dip in 2004 (Figure 1 ) was observed in PDI and other journals as well (63 papers and 468 papers respectively).
Our citation counts were not stratified by publication year when making comparisons between document types among journals or among authors. Due to the absence of a full authors' names index, we could not discern the authors who shared the same surname and forename initials (5) .
The citation count per paper in PDI was obviously lower than that of other top-ranking journals. The impact factor of a journal is arbitrarily defined as the citation number that all its publication items in the preceding 2 years received in the reference year, divided by the journal's total number of articles and reviews ("source items") in the preceding 2 years. Accordingly, the impact factor of PDI was lower. This algorithm for impact factor is controversial (6, 7) and especially unfavorable to PDI, which has a longer cited half-life.
The cited half-life of PDI is much longer than other journals. Apparently, there have been few classical and breakthrough papers for citation in recent years. Loss of interest in PD among nephrologists was again manifested. However, we believe that lack of free access to an electronic version of PDI was another influential factor of PDI 's longer cited half-life. During the past decade, scientific publications have increasingly become available on the Internet, where they can be used by far more readers than print journals have ever reached (8) . Without having free access to an electronic version of PDI, authors of newly submitted manuscripts would probably use secondary citations or forsake citing PDI. That would result in fewer recent citations and further increase the length of "cited half-life" and decrease the impact factor at the same time. Since promotion of PD instead of commercial purpose is the main goal of the ISPD, a free electronic version of PDI would be very appropriate.
An impact factor can be boosted by either decreasing its denominator or increasing its numerator. To increase the rejection rate of a journal for higher quality papers, that is, to decrease the denominator, would raise its impact factor. A higher rejection rate would rule out selfcited papers, which could increase the denominator and the numerator of the impact factor at the same time. However, it is commonly believed that such papers are usually not so valuable and their contributions to an impact factor would be minimal or even negative. Therefore, increasing the rejection rate would definitely increase the impact factor in the short term. Nevertheless, a high rejection rate might conversely hamper young nephrologists' interest in PD research. The total number of PD papers after 2000 has been growing slowly (Figure 1 ). That is, the manuscripts rejected by PDI were not accepted by other SCI journals. As above in Results, the total citation count significantly correlated with yearly paper count (correlation coefficient Spearman rho = 0.63, p = 0.039). With a higher rejection rate, PDI might get even fewer PD publications, especially at such time of output shrinkage. We are afraid that, before long, citations would decrease as well. For instance, as shown in Table 5 , PDI 's impact factor plunged in 2004, to 1.056 [247/(99 + 135) ], because "citations to papers in the preceding 2 years" dropped precipitously, from 507 (2003) to 247 (2004) . The most likely reason for this drop was that the reduction of source items in 2002 and 2003 left fewer papers for citation. Therefore, raising the rejection rate alone would not likely sustain a higher impact factor in the long run.
In conclusion, developing new directions for PD research would be the fundamental solution for a higher PDI impact factor. Before that, retaining the original rejection rate along with providing free access or at least open access (9) to an electronic version of PDI would help increase the impact factor of PDI and encourage nephrologists to consistently put their ef forts into PD publications.
